INTRODUCTION AND HISTORICAL PERSPECTIVE
The organization of trauma care and the study of trauma systems is an evolving and dynamic endeavor. Historically, trauma has centered on the clinical care of specific injuries and wounds. In ancient times, for those who survived the initial insult, treatment would have centered on superficial soft tissue injuries and fractures. Prayers, incantations, topical salves and dressings would have been the primary modalities of treatment. Careful observation and trial and error would lead to improved treatments and increased capabilities to care for more extensive injuries. As early as 6000 B. C., the Egyptians are reported to have performed amputations, extraction of foreign bodies and lithotomies (1).
The opportunity for such learning has almost always been provided by conflict and war. Military surgeons have led the way in both the clinical and the systematic care of the injured patient. Dominique Larrey, during the Napoleonic Wars, developed the concepts of rapid evacuation and early treatment of the injured. Towards this goal he created the ambulance volante or "flying hospital" to evacuate soldiers from the battlefield to the hospital for treatment. Moreover, he established hospitals near the battlefield to decrease the distance and time for evacuation. Prior to these simple concepts, the injured soldiers would often lay on the battlefield for hours to days before any treatment was given (2).
A further development in the creation of trauma systems came during the American Civil War. The military recognized that for both issues of mobility and economics, it was not feasible to provide definitive care at every battle being fought. Instead, military hospitals were established along the same Army organization as line units and progression up the hierarchy led to hospitals with increasing levels of care (3). By World War I, the systematic treatment of the wounded through progressive echelons of care was standard protocol (4). Army medics and Navy corpsmen had the dangerous task of evacuating the wounded from the battlefield to the Battalion Aid Station where the injured were treated and returned to combat or quickly stabilized and triaged to a higher level of care at hospitals in the rear.
In World War II, motorized ambulances had decreased the evacuation time to 4-6 hours (3). Research in shock and the extensive use of blood transfusions to treat it decreased mortality and morbidity due to acute renal failure from under-resuscitation. Antisepsis and the advent of antibiotics further contributed to the decreased mortality. The U.S. Army had been keeping detailed medical reports of the wounded since the Civil War and these precursors to present day trauma registries allowed development of protocols regarding the best treatment of specific wounds. As an example, during WW II, it was a court martial offense not to treat a colon injury with a colostomy (5).
With the advent of helicopters by the Korean War and the Vietnam Conflict, evacuation times were now less than one hour from the battlefield to a fully equipped hospital. Wounded soldiers were expeditiously triaged and cared for by well-trained personnel in a system that provided for definitive care in the shortest time possible. This led to a 97.5 % survival among those soldiers who arrived to a surgical hospital alive (6). These principles were adopted in West Germany in 1970 with the establishment of trauma centers along the autobahns. Helicopters and ambulances ensured rapid prehospital transport of injured persons to definitive care. This contributed, in part, to a 25 percent reduction in motor vehicle crash mortality after system implementation (2).
TRAUMA SYSTEM DEVELOPMENT IN THE U.S.
While the military was developing and implementing means for the treatment of the injured soldier, similar care was simply not available for civilians in the U.S. Despite a greater number of lives lost annually from motor vehicle collisions than from the entire Vietnam Conflict, there was little public interest or concern. In contrast to the military, U.S. citizens were often attended to by untrained personnel with no equipment. The hearse driver who arrived on the scene of the accident often had the only vehicle that could accommodate a litter. Consequently, he decided whether the individual should go to the nearest hospital or directly to the funeral home. Those who made it to the hospital, however, rarely received adequate treatment in a timely manner and commonly succumbed to their injuries.
The development of civilian trauma systems initially began in 1922 with the establishment of the American College of Surgeons Committee on Trauma by Charles L. Scudder, MD, FACS. This committee focused on the care of the injured patient and how to best render this care. While great strides were being made in the military with evacuation, triage and definitive care, the civilian sector had essentially no organized approach to care for the injured. This began to change in 1966 with the publication, "Accidental Death and Disability, the Neglected Disease of Modern Society", by the National Academy of Sciences (7). This landmark paper described the dismal state of care for the acutely injured and provided the impetus for the development of civilian trauma systems. More than merely a descriptive account, specific recommendations were made for the deficiencies in both pre-hospital and hospital care. Further momentum was gained by the return of surgeons, helicopter pilots and well-trained ancillary personnel from the Vietnam Conflict all with extensive experience in the care of acutely injured patients.
Trauma systems are still an evolving entity. The first set of guidelines were established by the American College of Surgery Committee on Trauma in 1976 entitled Optimal Hospital Resources for Care of the Injured Patient. This document focused on the essential components of the different levels of trauma centers and established the need for system development. These guidelines are reviewed and updated every 3-4 years. During the same time period the Advanced Trauma Life Support course was introduced by the Committee on Trauma of the American College of Surgeons. The current system in use today has evolved from The Model Trauma Care System Plan written in 1992 by the Health Resources Services Administration. This is an inclusive model which focuses on all trauma care facilities within a region rather than on just the major trauma centers. This is a change from earlier plans and while the trauma center is still the key component of the system, other facilities are included since they provide care for the vast majority of trauma patients. Patients receive optimal care with available resources and pre-established triage criteria and mechanisms of injury facilitate rapid transfer to higher levels of care as needed. Trauma care becomes a large network of many facilities of which a Level I or II center is the principle resource for information and system evaluation. This mechanism allows a smaller hospital or those in rural areas to transfer patients to larger centers which have the manpower and commitment of resources to provided all aspects of care for the 15 % of critically injured who best stand to benefit from this level of care. Moreover, some studies suggest that concentrating the experience of caring for these individuals to a few surgeons renders improved outcomes (8).
Resources for the Optimal Care of the Injured Patient (1999) is the latest edition of requirements and guidelines for trauma system development published by the American College of Surgeons Committee on Trauma. The first step for any plan is a needs assessment. It is essential to critically look at the population, its density, projected growth rates and rates of injury to establish exactly how many trauma centers are needed to meet the needs of a region without over-designation. Stated earlier, prevention of dilution of experience and duplication of expensive services and equipment make an objective evaluation mandatory to remain fiscally responsible.
Once the needs are established, there is an administrative component to oversee the development and implementation of plans to support the system. In order to function effectively in this capacity, there must be legislation to establish legal authority for the administration. This requirement was reinforced in a survey in 1993 by Bazzoli et al. who found that only five of twenty states reporting administrations with legal authority had fully met all criteria of a trauma system (9). The most common deficiency was a failure to enforce the limitations on the number of trauma centers based on projected needs for the population. This finding is consistent with the Inventory of Trauma Systems that same year which reported that only 20 (54 %) of the 37 Trauma Systems had done a needs assessment (10) .
Operational and clinical components are where the manpower and allocation issues really come to bear in the trauma system. Pre-hospital care and the quality of that care has a direct effect on the survival of the injured. Lessons from the military, establishment of funding and training requirements over the past 30 years, improved communication and equipment have all led to a highly effective emergency medical service. This requires public support on a community level both financially and in smaller areas individually as volunteers to ensure properly trained individuals respond and attend to the injured. Medical oversight and continuous evaluation of the EMS activities ensures patients are triaged appropriately and errors are corrected immediately.
All hospitals within the system have to make a commitment of personnel and equipment to care for the injured commensurate with their designated level. The greatest commitment is obviously at the Level I trauma center where aside from the clinical responsibilities of caring for the patient, there are added duties of maintaining a trauma registry, research, prevention, community outreach and educational programs and quality control analysis of the system. Data over the past 40 years has remained remarkably consistent in showing a trimodal distribution of death from trauma. When death is plotted as a func-tion of time, there are three distinct peaks referring to immediate, early and late deaths (2). One-third to 1/2 of all traumatic deaths are immediate. These are the result of injuries to the great vessels with exsanguinations or extensive damage to the central nervous system. Improved prehospital interventions and transport allows more of these patients to arrive at the hospital, however, many of these patients die in-hospital despite advanced care. Injury prevention is the only meaningful strategy that will impact this population's outcome.
Extensive work was done by William Haddon, the first director of the National Highway Traffic Safety Administration, on developing strategies to address injury prevention. He described the phases of an injury as pre-event, event and post-event. At every phase, there were three factors which participated in the injury producing event: the person, the vehicle or vector and the environment. By addressing each of these factors, the likelihood of an injury producing event (pre-event), the degree or severity of injury (event) and the consequences of an injury (postevent) could all be influenced (11) . The Haddon Matrix provides a framework within the domain of Public Health for developing interventions in the preevent phase where injury prevention is most cost effective. Injury prevention measures to decrease motor vehicle mortality include improved roads, passive restraints and mandatory seatbelt usage, increased drinking age and consequences for drunk driving, and, more recently, limited driver's licences to allow time for early experience. Further improvements to decrease both morbidity and mortality in motorcycle crashes have been made with mandatory helmet usage. Similar work at the community level has led to increased acceptance and usage of helmets among bicyclists and this has decreased the incidence of neurotrauma especially among the pediatric age population.
The second peak in traumatic deaths are referred to as early deaths. This is where the quick identification of injuries and resuscitation have their greatest impact and where trauma systems can excel (2). The best case for this is in the reduction of preventable deaths when a trauma system is in place. This was demonstrated by West et al. in 1979 where it was found that two thirds of non-CNS related and one third of CNS deaths were judged to be caused by delayed or inadequate care and, thus, possibly preventable (12) . This was confirmed in a follow up study. After implementation of a trauma system, however, a staggering reduction in preventable deaths was reported from 73 % to 9 % in one year (13) .
The third peak refers to late deaths and this is where our critical care skills, knowledge in resuscitation and trauma physiology work to prevent sepsis and organ failure. Trauma has benefited from research activities in both traumatology and advances made in other medical fields for patient monitoring, dialysis, nutrition and ventilatory support. Further gains here are expected to be slow, expensive and provide significantly smaller benefit that those extensive gains which can still be made with injury prevention.
Despite our knowledge and experience to date, unintentional injuries are still the leading cause of death for persons aged 1-34 years and are the third leading cause of death for all ages. This has significant impact on the patient and society in terms of acute treatment cost, rehabilitation, possible long term disability, as well as lost productive years. The estimated lifetime cost today exceeds $250 billion dollars (U.S.). There are now growing concerns regarding financial solvency of trauma centers and entire systems due to increasing costs which are threatening our ability to care for the injured. Moreover, as the percentage of our population over 65 grows, geriatric trauma is rapidly becoming a significant issue. Data from 1996-97 shows that individuals over the age of 65 are at highest risk of both fatal injuries and injuries requiring hospitalization (14) . The likelihood for return to pre-injury independence or activities is greatly reduced in this population resulting in long term care issues becoming major concerns for both families and a public health issue. Caring for geriatric patients with pre-existing medical conditions requires hyper-vigilance and increased utilization of expensive intensive care resources if we are to impact meaningful survival and quality of life.
ARE TRAUMA SYSTEMS EFFECTIVE?
In 1998, the Skamania Symposium was held to evaluate the effectiveness of trauma systems. This conference critically evaluated all the available evidence by dividing it into three categories: those resulting from panel studies, registry comparisons and population-based research. Panel studies suffered from wide variability in the review process, poor interrater reliability and the autopsy studies alone were deemed inadequate. This left the general consensus that panel studies were only weak Class III evidence. Despite these limitations, however, MacKenzie concluded that when all panel studies are considered collectively they do provide some face validity and support the hypothesis that treatment and a trauma center versus a non-trauma center is associated with fewer inappropriate deaths and possibly even disability (15) .
Registry evaluation was found to be useful for assessing overall effectiveness of trauma systems. While Jurkovich and Mock concluded the data clearly did not meet Class I evidence, it was deemed stronger than panel evidence. Their critique of trauma registries included the following: there is often missing data, miscodings occur, there may be interrater reliability factors, the national norms are not population based, there is less detail about the cause of death and they do not take into account prehospital deaths. Despite these deficits, consensus of conference participants concluded that registry studies were better than panel studies but not as good as population studies (16) .
Finally, population based studies were evaluated and found to constitute Class II evidence. An advantage over registry studies is attributed to studying a large population and all aspects of trauma care in-cluding pre-hospital, hospital and rehabilitation can be evaluated. Unfortunately, only a limited number of clinical variables can be evaluated and it is difficult to adjust for severity of injury and physiologic dysfunction. Despite disadvantages with all three studies, the advantages may be applied to various individual communities to help influence public health policy with regard to trauma system initiation and evaluation. Further assessment needs to be done to evaluate the economic impact and quality of life issues related to trauma systems.
In summary, trauma care and trauma systems in the United States have only been introduced in the last 100 years in the care of civilian injuries. This care and system development was based on military medical experience and civilian systems developed in Europe. Recent studies show that system development has been effective in reducing mortality. Further studies are needed to show that trauma systems improve quality of life, reduce disability and are cost effective.
